The energies of th e X -ray electrons expelled from targ ets of gold, p latin u m , silver a n d copper by silver K a t ray s have been m easured in th e m agnetic spectrograph. The results have been com bined w ith those of earlier m easure m ents, an d th e y yield a value for P la n c k 's co n stan t of 6-629 x 10~27 erg sec. The work to be described is a continuation of th a t published by us about five years ago (Robinson and Clews 1935). I t consists of new measurements with the magnetic spectrograph constructed some time ago at Queen Mary College, and of their application to the problem of the atomic constants. Use has already been made of the fact th a t measurements of the photo electron energies by the magnetic deflexion method, combined with a knowledge of X-ray characteristic frequencies, can yield a value of ejm x efh x p ,where p is the value of the X unit in 10~n cm. p and e/m ar now, it is thought, known with considerable accuracy, and our work may therefore be regarded as a determination of There is still considerable disagreement among the results of different measurements of this quantity, and it seemed therefore desirable to extend as far as possible the range of our measurements with the magnetic spectrograph.
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As our spectrograph was originally designed (Robinson, Andrews and Irons 1933) for work with relatively soft X-rays, the fields required in the present experiments with silver X-rays are appreciably outside the comfortable working range of the instrument. In fact, the difficulties mentioned in paragraph 3 of our earlier paper (Robinson and Clews 1935) were all encountered in an even more acute form. We were, however, able, by running for relatively short periods, with moderately long intervals for cooling the Helmholtz coils, to obtain satisfactory photographs. It is obviously not practicable to work with appreciably harder primary radiations; fortunately, the general nature of the results now obtained indicates that there is no need to do so.
The new measurements are 011 the X-ray electrons expelled by silver K<xl rays from the M levels of gold (79) and platinum (78), the L levels of silver (47) and the K level of copper (29) . For all but the last of these we have available for comparison results with chromium rays (Robinson 1934a ), copper Kctx (Robinson et al. 1933 Robinson 19346) and moly denum K ax (Robinson and Clews 1935) . The copper K electrons can only be compared with those ejected by the molybdenum K ax rays, the other radiations used being too soft to eject these electrons. In the comparisons the '"difference" method introduced by Robinson (19346, p. 1097 ) is used throughout. In this method the only X-ray data required are the values of the primary Kocx frequencies, which are very accurately known in terms of Siegbahn units. No use is made of X-ray spectroscopic values of the critical absorption frequencies, which are much less accurately known. Further, the method completely eliminates errors due to surface work and reduces the effect of other systematic errors.
It should be emphasized here th at all the measurements used in the following comparisons were made with the same magnetic spectrograph, and th at the same plate-holder, of rigid construction, was used throughout. The quantity measured in the experiments is the product (rH), where r is the radius of curvature of the path of an X-ray electron as it moves in a magnetic field of strength H normal to this path. In the earlier work the magnitude of H was so adjusted as to bring r very close to a standard value (5 cm.) for each line measured. In the present work it was just not possible to do this, the required field being, except for the copper K electrons, just outside our attainable limit. The correction to standard radius is, however, small, and can easily be computed. The accuracy of the correction was confirmed by additional checks, using the very simple device of employing the copper K electrons to calibrate the parts of the spectrograph in which the other, less deviable, groups were recorded. This was done by making multiple exposures with a copper target, the current in the field coils being suitably altered at intervals during an exposurethe method being, in effect, an obvious modification of the " bracketing" technique employed by Aston with his mass-spectrograph.
We give below (table 1) the new results. rH is in absolute oersted cm. The equivalent frequency ( v * / R) in Rydbergs is (purely to faci parison with the earlier results) calculated from rH by using the following (in part superseded) values of the necessary constants:
e/m = 1-757 x 107 e.m.u. g.-1, e/6 = 7-2827 x 1016 e.s.u. erg-1 sec.-1, e/mx e/6 = 1-2795 x 1024, c = 2-998 x 1010 cm. sec.-1, = 109737-4 cm.-1.
The eleven values of ( v * / R) in Subtracting column 2 of table 2 from column 1, we get eleven values of (v*/R) (Ag-Mo) ranging from 345-1 to 346-2, with a mean of 345-7. The corresponding X-ray spectroscopic value is (v/R) (Ag-Mo) = 1632-4-1287-4 = 345-0.
From columns 3 and 1 we get ten differences ranging from 1040-9 to 1043-1, with a mean of 1042-1. The X-ray value is (1632-4 -592-7) = 1039-7.
Columns 4 and 1 give ten values ranging from 1235-4 to 1237-4, mean 1236-4. The X-ray value is (1632-4 -398-8) = 1233-6. The proportional differences in each case, 0-20, 0-23 and 0-23% re spectively, are identical to within the experimental error. The mean percentage difference, 0-22, is a little higher than th at previously adopted (0-17, Robinson 1936). I t agrees very closely with a more recent value (0-23%) of Robinson and Mayo (1939) . The last-quoted value was not, however, obtained by the difference method, and the agreement must be regarded as accidental.
The measurements reviewed above cover practically the whole range in which our magnetic spectrograph can be profitably used. I t has already been pointed out th at we cannot work with primary radiations appreciably harder than silver Kcc, and at the other end of the scale there are obvious photographic and other difficulties in working with rays much softer than the chromium Ka. On the whole, there seems to be every reason to be satisfied with the internal consistency of our measurements-th at of the X-ray data taken from Siegbahn and others may be accepted without question. I t must not however be forgotten th at as the whole of our measurements have been made in the same spectrograph, in as nearly as possible identical conditions, they may all be affected by a common systematic error. The only direct confirmation we have of our results is from the experiments of Kretschmar (1933) with molybdenum K rays. We have already shown (Robinson and Clews 1935) that, in spite of certain apparent discrepancies, Kretschmar's results are very probably in close numerical agreement with ours. There is, however, no independent con firmation of our work with chromium, copper and silver K radiations.
We take, as the mean of all our measurements, 0*21 % as the best value of the difference between the photoelectric iy*/R) and the conventional Siegbahn frequencies (v/R), the (v*/R) being the larger by this amount. This difference is increased by 0-20% when the X-ray spectroscopic values are expressed in true Rydberg units ( p = 1-0020). In to our experiments the true value of the product e/m x e/h is less by 0-41 % than the value we adopted when calculating the ( ) values. That is, the value we find now for e/m x e/h is 0-9959 x 1-2795 x 1024 -1-2743 x 1024 (or 3-8201 x 1034 if both charges are in e.s.u.). The value obtained by Robin son and Mayo (1939, p. 199 ) was 1-2741 x 1024. Through a slip in entering the result, this was erroneously given as 1-2749 x 1024. We have to thank Professor R. T. Birge for drawing our attention to this slip, which, being purely an error in entering an antilogarithm, did not affect any other figure given in the paper.
Our new value of h/e, assuming e/m = 1-759 x 107, is 1-759 x 107 f-2743 x 1024 l-3 803 x 10-17, and if we take e as 4-8022 x 10~10, we have h -6-629 x 10-27. This, as is well known, is appreciably greater than the value (6-609 x 10~27) given by recent accurate determinations of the short-wave limit of the continuous X-ray spectrum. On the other hand, it agrees well with the value deduced by Birge (1939) from the relation
The discrepancy between the two values of has been fully discussed by Birge in a number of papers. In addition there are recent discussions by Darwin (1940 ), Du Mond (1939 and Dunnington (1939) , to which we cannot usefully add anything. Our value of h/e, with e = 4-8022 x 10~10, giv6S 1371, for the fine-structure constant.
We have pleasure in acknowledging our indebtedness to the Government Grants Committee of the Royal Society for grants which provided for the greater part of the apparatus used in this work, and to other workers, in particular Professor R. rx . Birge, for kindness in supplying information.
Note by H. R. R. In this, as in all the other photoelectric work from this Laboratory, the field current was measured potentiometrically, using a Weston cell and standard resistances which were tested at the National Physical Laboratory. The standardizations were given in terms of inter national electrical units, and a correction to absolute amperes was made when the magnetic fields were calculated. Unfortunately, I cannot now find my original notebook containing the details of the correcting factors used. From memory, I think th at almost exactly 1 part in 10,000 was subtracted from the indicated currents in the field coils (or, more precisely t from the factor finally used as the effective constant of the coils). The published ( v * / R) values have therefore already been reduced by about 1 part in 5000 on account of the difference between international and absolute amperes.
I regret th at this was never mentioned in any of the papers; it certainly ought to have been stated explicitly somewhere, but in fact no real importance was attached to this correction. I t was made purely as a m atter of routine, and not from a belief th a t it was warranted by the accuracy of our experiments. A correction as small as this would in the circum stances almost certainly have been neglected if it had been at all difficult to apply.
The electric strength of some solid dielectrics* By A. E. W. A u s t e n a n d S. W h it e h e a d (Communicated by N .
F. Mott, M ethods are described by which th e 'in trin sic' electric strength of solid dielectrics m ay be defined and evaluated. I t is shown th a t th e m agnitudes of and th e effect of tem perature and thickness upon the electric strengths of certain crystals agree w ith Frohlich's theory of electronic breakdown, as also does th e effect of disordered stru ctu re and m icrostructure in sim ilar instances. On th e other hand, departures from theory occur w ith complex organic dielectrics and also w ith crystals when, w ith th e latter, certain lim its, e.g. of tem perature, are exceeded.
I n t r o d u c t io n
The paper describes some recent measurements of the intrinsic electric strength of certain solid dielectrics; a preliminary note of some of the results has already been published (cf. Austen and Hackett 1939). I t was
